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(54) Titfe: SYNTHETIC SIGNALLING MOLECULES 
(57) Abstract 

The invention relates to synthetic signalling molecules, which are based on sequences derived from primary signalling motifs such as 
immunoglobulin tyrosine receptor-based activation motifs (ITAMs). The use of such signalling molecules within chimeric receptor proteins 
allows one to tailor the level of intracellular signalling mediated by the chimeric receptor. Proteins containing, and nucleic acids encoding, 
such synthetic signalling molecules suitable for use in medicine, are described. 
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SYNTHETIC SIGNALLING MOLECULES 

The present invention relates to novel synthetic signalling molecules and to methods for their 
production. In particular, the invention relates to synthetic signalling molecules based on 
sequences derived from primary signalling motifs such as immunoglobulin tyrosine receptor- 
5 based activation motifs (ITAMs). 

Activation of many effector cells is initiated by a binding event at the cell surface that leads 
to the activation of one or more intracellular secondary messenger systems. This binding 
event activates signalling cascades that cause effects downstream of the binding event and 
that promote the activation of various biological functions of the cell. 

10 Chimeric receptors have been designed that utilise these natural activation mechanisms and 
which can induce certain physiological effects. Extracellular ligand binding groups have 
been transplanted onto intracellular signalling domains so that the activation of specific 
secondary messenger systems can be initiated by the binding of a ligand of choice. In this 
fashion, the activation of receptor-bearing cells has been achieved through targeting cells 

15 such as T-cells to those cells or to other cells that express antigenic ligands on their surface. 

In a chimeric receptor, ligand recognition is provided by an extracellular binding region. 
Accordingly, when designing a chimeric receptor, a suitable extracellular binding region is 
chosen which binds specifically to a target ligand with high affinity. Binding of ligand to 
the chimeric receptor triggers a series of intracellular events leading to activation of the 

20 receptor-bearing cell. This activation is effected by the presence in the chimeric receptor 
molecule of an intracellular signalling domain. Activation of this domain may lead to a 
variety of biological effects caused by the cell, such as increased cellular proliferation, 
increased expression of cytokines with, for example, pro- or anti-inflammatory responses, 
stimulation of cytolytic activity, differentiation of other effector functions, antibody 

25 secretion, phagocytosis, tumour infiltration and/or increased cellular adhesion. 

Different classes or types of intracellular signalling domain promote the activation of 
different secondary messenger systems, and it has been proposed previously that the 
appropriate choice of intracellular signalling domain in a chimeric receptor can influence 
the type of activation promoted by a particular binding event. 



The relationship between the level of expression of a chimeric receptor protein and strength 
of intracellular signalling generated appears to vary between different systems. 

The therapeutic potential of partly or wholly synthetic chimeric receptor systems is at present 
limited by the degree to which intracellular messenger systems may be activated. Studies are 
5 currently underway in many laboratories aimed at elucidating the individual contributions 
of each of the components of the signalling cascade in immune effector cell function. 
Chimeric receptors with truncated, minimal and replicated intracellular signalling domains 
containing one or more natural primary signalling motifs in their natural arrangements have 
been constructed for the purpose of addressing these issues (Irving, B. et al, 1993, J. Exp. 

10 Med. 177:1093; Steeg, C. et al, 1997, Eur. J. Immunol. 27:2233). Signalling molecules 
with substitutions in the region separating the primary signalhng motifs have been 
constructed (Vely, F, et aL, 1997, Eur. J. Immunol 27:3010) for use in analysis of ZAP-70 
binding to the ^ chain of the TCR. In addition, signallmg from chimeric receptors with 
single amino acid substitutions in the first ITAM of ^ has been studied (Sunder-Plassmann, 

15 R. et aL, 1997, Eur. J. Immunol. 27:2001). However, to date, it has not proved possible to 
improve the efficiency of naturally-occurring signalling domains to any significant extent. 

It would be of great value to be able to tailor the level of intracellular signalling and thus 
the level of effector cell activation to a required degree. It would also be extremely 
desirable to be able to activate a cell and induce its biological functions with greater 
20 efficacy than is presently possible. The present invention addresses these difficulties by 
providing novel synthetic signalling molecules. 

Sunmiarv of the invention 

According to the present invention there is provided a nucleic acid encoding a synthetic 
signalling molecule comprising two or more sequence blocks (SBs) encoding primary 
25 signalling motifs linked in an arrangement in which said primary signalling motifs do not 
occur naturally. 

It has been found, surprisingly, that the combination of two or more primary signalling 
motifs, preferably different primary signalling motifs, in an arrangement that does not occur 
naturally, generates a functional synthetic signalling molecule that possesses potent 
30 biological properties. When such a synthetic signalling molecule is incorporated into an 



3 



immunoreceptor protein expressed in an effector cell, it confers on that protein the ability to 
initiate the activation of downstream intracellular signalling pathways that are naturally 
governed by phosphorylation events occurring within primary signalling motifs. The non- 
natural combination of primary signalling motifs in a chimeric receptor protein results in 
5 the modulation of the degree of actual activation mediated by the intracellular signalling 
domain. By altering the combination and/or number of signalling motifs within an 
intracellular signalling domain, it has been found, surprisingly, that the degree of cellular 
activation, and hence, the nature of certain biological processes (for example, cytokine 
release, induction of cell killing) resulting from the contact of a ligand with its extracellular 
10 ligand binding domain in a receptor, can be tailored as required. 

By the term "primary signalling motif is meant herein a sequence that is able to act in a 
stimulatory or inhibitory manner to elicit primary activation of an immune cell receptor 
complex (such as the TCR complex). Immunoreceptor tyrosine-based activation motifs 
(ITAMs) or mraiunoreceptor tyrosine-based mhibitory motifs '(UIMs) are examples of such 
1 5 primary signalling motifs. By "motif is meant a specialised region or sequence within a larger 
protein or domain. Thus, for example, a signalling molecule or an intracellular signalling 
domain may naturally comprise more than one signalling motif. 

ITAMs are highly conserved motifs which contain a tyrosine residue in two canonical 
YXX(L/I) consensus sequences, separated by between 6 and 8 intermediate residues. By the 

20 term "IT AM " is meant herein a sequence broadly conforming to the consensus sequence 
(D/E)XXYXX(iyW)X6.8YXX(L/W) (the standard single letter amino acid code, where X 
represents any amino acid, is used throughout this application). The tyrosine residues 
(highlighted in bold in the above consensus sequence) are substrates for the Src family of 
tyrosine kinases. Phosphorylation of these tyrosine residues is a key early event in signal 

25 transduction and initiates signal propagation by facilitating the SH2-mediated binding of 
molecules from the Syk/Zap70 family of phosphotyrosine kinases and by recruiting 
phosphoinositide-related enzymes (for example, phospholipase C and phosphoinositide-3 
kinase) and adaptor proteins (for example, Vav, Crk and Grb-2). This transduces the binding 
event into activation of several metabolic pathways. 

30 Site-directed mutagenesis studies have been performed to ascertain the essential characteristics 
of the ITAM sequences (Letoumeur, F and Klausner, R.D. (1992) Science 255, 79-82; 
Amigorena et al (1992), Science 256, 1808-1812) and synthetic peptides have been used to 
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identify molecules that may be involved in downstream propagation (Kimura et aL, J. Biol. 
Chem. 271(44): 27962). 

Many immunoreceptors, including T cell and B cell antigen receptors and Fc receptors, 
comprise multiple subunits each of which is specialised in extracellular binding or in signal 
5 transduction. The intracellular domains of signalling molecules of. for example, the TCR, 
CD3 and FcyRIII share common stimulatory primary signalling motifs or ITAMS (Reth, 
M., 1989, Nature, 383-384). An IT AM is usually present as a single copy, for example, in 
the CD3y, 5 and e chains. However, the TCR zeta and eta chains each contain three ITAMs 
which differ in sequence. 

10 There is growing interest in the qualitatively different roles performed by individual ITAMs 
(Osman, N. et al, 1996, Eur. J. Immunol. 26,1063) and also in the effects afforded by 
amplification of IT AM sequences (van Oers, N. et al, 1998, J. InmiunoL, 160:163). 

ITAMs for use in the present invention may be naturally derived. Suitable naturally-occurring 
ITAM sequences include those derived from, the zeta chain of the TCR (including the first 
15 (TCR^l), second (TCR;2) and third (TCRp) ITAMs of zeta), FcRy (such as FcyRIIlY or 
FceRIy). FcRp (such as FceRIp), CD3y, CD35, CD3e, CDS, CD22, CD79a, CD79b, or 
CD66d. These ITAMS have been found to vary in their efficacy of signal transduction. 
Particularly preferred ITAMs are those derived from TCR^l, TCR^2, TCR^3 and FceRIy. 

By the term "ITIM" is meant herein a sequence broadly conforming to the consensus 
20 sequence (T/S)XXYXXL (Muta et a/., 1994, Nature 368:70-73). Phosphorylation at the 
higWighted tyrosine residue is thought to be required for association of an immunoreceptor 
containing this motif with a negative regulator of immunoreceptor function, such as SHP (also 
known as PTPIC, HCP, SH-PTPl) (Shultz etal, 1993, Cell, 73: 1445-1454; Tsui etal, 1993, 
Nature Genetics, 4, 124-129). 

25 rriMs may be included in synthetic signalling molecules encoded by the nucleic acids of the 
invention in order to impart a negative regulatory function. Chimeric receptor molecules 
containing one or more ITIMs would be of particular use, for example, to down-regulate the B 
cell antigen receptor (see Thomas, 1995, J. Exp. Med. 181: 1953-1956). 
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rriMs for use in the present invention may be naturally derived. Suitable naturally-occuning 
rriM sequences include those derived from FcyR (such as FcyRIIB), CD22, EPOR, IL-2PR 
and IL-3pR. 

As will be clear to those of skill in the art, variants of naturally-occurring primary signalling 
5 motifs, resulting from randomly generated or site-directed mutagenesis, may also be suitable 
for use in the present invention. Of course, combinations of natural and variant motifs may be 
used so that the nucleic acid contains both natural and non-natural sequences. 

Nucleic acids encoding two or more primary signalling motifs, may be combined in series, 
linked together as part of a polypeptide chain. 

10 According to a further aspect of the invention, one or more secondary signalling motifs may 
be included in the synthetic signalling molecule in addition to the primary signalling motifs. 
By "secondary signalling motif* is meant a motif that imparts secondary or costimulatory 
signalling capacity to a molecule in T cells. Molecules which contain secondary signalling 
motifs include CD2, CIM, CDS, CD28 and CD154 (see Finney et al, 1998, J. Immunol., 161: 

15 2791-2797). Preferred motifs are those derived from CD28 and CD154, and variants thereof. 
Examples of secondary signalling motifs derived from CD28 and CD154 are a SB28 
(GSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAGS) and SB29 

(GSMIETYNQTSPRSAATGLPISMKGS), respectively (see also Figure 5). Most 
preferably, the secondary signalling motif is SB28. 

20 The nucleic acid molecules of the invention are assembled from components that take the 
form of "sequence blocks", with each sequence block encoding a particular primary or 
secondary signalling motif as defined herein. These sequence blocks may conveniently be 
coupled together by linker regions, that are preferably of six or more base pairs in length. In 
a particularly suitable arrangement, part of the nucleic acid molecule that codes for the 

25 linker region forms part of a recognition site for a restriction enzyme. By cutting the nucleic 
acid molecule with the appropriate enzyme or enzymes, a section of nucleic acid is 
generated that possesses cohesive termini at each end and that may easily be ligated to other 
sequence blocks with a compatible cohesive end. This system facilitates the cloning of 
synthetic signalling sequences that contain primary or secondary signalling motifs joined in 

30 varied numbers and arrangements. This system is described in further detail in a co-pending 
International patent application filed by Celltech Therapeutics Limited entitled 
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"Combinatorial Method for Producing Nucleic Acids" (Ref PA450; P021407WO) filed on 
even date herewith. This method allows a library of molecules to be generated, each 
containing the same extracellular ligand binding domain, transmembrane domain and 
spacer domains, but with different forms of primary or secondary signalling motif, in a 
5 random or specified order in the synthetic signalling sequence. 

In addition to forming part of a restriction endonuclease recognition site, the linker may 
also encode two (where the linker is 6 base pairs) or more (where the linker is more than 6 
base pairs) amino acids. A particularly suitable linker encodes Gly-Ser. Figure 5 shows the 
amino acid sequence encoded by a number of synthetic sequence blocks. These sequences 
10 correspond to the sequences of various naturally-occurring ITAMs, but possess Gly-Ser 
linkers at each terminus. The coding sequence for the "Gly-Ser" doublet corresponds to the 
recognition site for the appropriate restriction enzyme. 

Each sequence block may be generated by any appropriate conventional means, as will be 
clear to those of skill in the art. One particularly suitable method is to hybridise 
15 complementary single-stranded oligonucleotides to generate cohesive overhangs that may 
be ligated to each other. An alternative approach is to generate double-stranded nucleic acid 
molecules by PGR, and then to generate cohesive termini by digestion with the appropriate 
restriction enzymes. 

As will be clear to tfie person of skill in the art, only one Gly-Ser linker is needed between 
20 each sequence block. Upon restriction digestion of the sequence blocks, part of a restriction 
site is formed at each end of the nucleic acid molecule, so that when the 5' end of one 
molecule is joined to the 3* end of another molecule, the resulting sequence contains a 
single Gly-Ser linker. 

The amino acid sequences of preferred sequence blocks representing ITAMs include: SBl 
25 (GSGQNQLYNELNLGRREEYDVLDKRRGRDPEMGS), SB2 (GSRKNPQEGLY- 
NELQKDKMAEAYSEIGMKGERGS), SB3 (GSRGKGHDGLYQGLSTATKDTY- 
DALHMQAGS), SB4 (GSYEKSDGVYTGLSTRNQETYETLKHEKPGS), SB4* 
(GSYEKSDGVYTGLSTRNQETYDTLKHEKPGS), SB4" (GLYEKSDGNATGLGTR- 
NQETYETLKHEKPGS), SB5 (GSGNKVPEDRVYEELNIYSATYSELEDPGEM- 
30 SPGS), SB6 (GSKQTLLPNDQLYQPLKDREDDQYSHLQGNQLRGS), SB7 
(GSALLRNDQVYQPLRDRDDAQYSHLGGNWARNKGS), SB8 (GSQNKERPPPVP- 
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NPDYEPIRKGQRDLYSGLNQRRIGS) SB9 (GSHVDNEYSQPPRNSRLSAYPAL- 
EGVLHRSGSX SB 10 (GSPPRTCDDTVTYSALHKRQVGDYENVIPDFP-EDEGS), 
SBll (GSEYEDENLYEGLNLDDCSMYEDISRGLQGTYQDVGS), SB12 (GSKAGM- 
EEDHTYEGLDIDQTATYEDIVTLRTGEVGS) and SB 13 (GSPLPNPRTAASIYEELL- 
5 KHDTNIYCRMDHKAEVAGS) (See also Figure 5). Particularly preferred sequences arc 
SBl, SB2. SB3, SB4, SB4" and SB4*. 

The number of primary signalling motifs included in a synthetic signalling molecule has 
been found to affect the efficacy of the molecule in effecting downstream activation of 
intracellular messenger systems. Preferably, between two and ten primary signalling motifs 
10 are included. More preferably, between 2 and 5 primary signalling motifs are included. 

The order in which the primary signalling motifs appear in the synthetic signalling molecule 
has also been found to affect the signalling efficacy of the molecules of the invention. For 
example* it is preferred to include at the N terminal end of a synthetic signalling molecule 
the second IT AM of TCR^, for example SB2. Either the first ITAM of TCR^, for example 
15 SBl, or the ITAM of FcsRIy, for example SB4 (or SB4" or SB4*), is preferred at the 
second position, whilst at the third (C-terminal) position in the sequence, the third ITAM of 
TCR^ (for example SB3) is preferred. When inserted into the mtracellular domain of a full- 
length protein sequence, the N terminus of the synthetic signalling molecule will be situated 
in a membrane-proximal position. 

20 The order in which secondary signalling motifs appear in the synthetic signalling molecule 
has also been found to affect the signalling efficacy of the molecules of the invention. A 
preferable position for a secondary signalling motif is the N terminal side of the primary 
signalling motifs, i.e. in a membrane proximal position when the synthetic signalling 
molecule is inserted into the intracellular signalling domain of a full-length protein 

25 sequence. 

According to a preferred aspect of the invention, there is provided a nucleic acid molecule 
encoding a synthetic signalling molecule that contains one or more of SBl to SB 13 inclusive. 
The encoded molecules have been found to possess enhanced biological function when 
compared to the function of primary signalling motifs in naturally-occurring proteins. A 
30 particularly preferred nucleic acid molecule encodes a synthetic signalling molecule 
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containing the coding sequence for SB4. or the coding sequence for SB4*, or the coding 
sequence for SB4". 

According to a further aspect of the invention, there is provided a nucleic acid molecule 
encoding any one of the synthetic signaUing regions Usted in Table 1. Preferable nucleic acid 
5 molecules are those that encode proteins, which exhibit enhanced biological function when 
compared to the function of naturally-occuiring proteins, for example, molecules that confer 
more effective cell killing or greater efficacy in releasing cytokines in response to antigenic 
challenge. 

According to a further aspect of tiie invention there is provided a peptide or polypeptide 
10 syntiietic signalling molecule encoded by a nucleic acid according to the above-described 
aspects of die invention. Particularly suitable combinations of primary and secondary 
signalling motifs arc given in Table 1. 

Syntiietic signalling molecules may be constructed from ITAMs derived fiom TCR^l, 
TCR^2, TCRp, FceRIy, m the following preferred combinations: TCRC2-TCR^1-TCRP- 

15 TCR^l; TCR?2-FceRl7-TCRP; TCRC2-Fc8RIy-TCRp-TCR^; TCRC2-TCRC1-TCR43- 
FcERIy; TCRp.TCRCl-TCRp-TCRC2; TCR;2.TCR;1.TCRC3; TCR^2-Fc8RIy-TCRC3. 
TCRCl; TCRC1-TCR42.TCRC3; and TCR;2-TCRC1 and optionally in each instance a 
secondary signalling motif (as defined herein) positioned N tenninal to said signalling 
molecule. These molecules have been found to confer advantageous biological properties on a 

20 chimeric immunoreceptor when included in tiie intracellular domain. 

Examples of particularly preferred syntiietic signalling molecules are: SB2-SB1-SB3-SB1; 
SB2-SB4-SB3; SB2-SB4-SB3-SB2; SB2-SB1-SB3-SB4; SB2-SB4-SB3-SB29; SB2-SB1- 
SB3-SB2; SB2-SB1-SB3; SB2-SB4 -SB3-SB1; SB1.SB2-SB3; SB2-SB1; SB1-SB4"; and 
SB4*-SB2-SB4. Optionally, in each instance a secondary signalling motif (as defined herein) 
25 is positioned N terminal to said signaUing molecule, for example, SB28. 

According to a further aspect of tfie invention there is provided a chimeric receptor 
molecule comprising a synthetic signalling molecule encoded by a nucleic acid according 
to any one of die above-described aspects of the invention. 

Where desired, the syntiietic signalling molecule can be included in the intracellular 
30 signalling domain of a receptor. The intracellular signalling domain may be a naturally- 
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occurring polypeptide signalling sequence or may be partly or wholly synthetic. Examples 
of suitable naturally-occurring sequences include sequences derived from: the T cell 
receptor, such as all or part of the zeta, eta or epsilon chain; CD28; CD4; CDS; the gamma 
chain of an Fc receptor or signalling components from a cytokine receptor, such as the 
5 interieukin, TNF or interferon receptors; a colony stimulating factor receptor e.g. GMCSF, 
tyrosine kinase e.g. ZAP-70. fyn, Ick, Itk and syk; and binding domains thereof; an 
adhesion molecule e.g. LFA-1 and LFA-2; B29; MB-1; CD3 delta; CD3 ganmia; CDS; or 
CD2. As the skilled artisan will appreciate, amino acid mutations, deletions, insertions or 
substitutions may be made from natural sequences in order to modify the precise properties 
10 of the domains, in accordance with what is required for the chimeric receptor molecule. 

These signalling motifs may be combined so as to allow the activation of a number of 
secondary messenger cascades through a single binding event at an extracellular ligand 
binding domain. As will be clear to the skilled artisan, combinations of intracellular 
signalling motifs can be on separate polypeptide chains or may be in series on a single 
15 polypeptide chain. 

In order to distance the motifs appropriately from each other or from the transmembrane 
domain of the receptor, one or more spacer domains may be used. Spacer domains have 
been previously used in chimeric receptor design to link the domains to each other or to 
arrange the domains of the receptor in a desired conformation to optimise the binding or 
20 signalling potential of the molecule. The inclusion of such domains in the receptor may also 
facilitate the initial cloning steps when the nucleic acid elements encoding each domain of 
the protein are assembled. 

Other components of the receptor may be included as appropriate for the function that is 
desired. In this respect, reference is made to two co-pending International patent 
25 applications, both entitled "Biological Product" (Refs. PA448, PA449) filed by Celltech 
Therapeutics Limited on even date herewith. 

The extracellular domain of the chimeric receptor should exhibit specificity for a specific 
ligand or class of ligands, by virtue of inclusion in the chimeric protein of an extracellular 
ligand binding domain. As used herein, the term "extracellular ligand binding domain" is 
30 intended to refer to any oligo- or polypeptide that is capable of binding to a ligand. The 
term thus includes antibody binding domains, antibody hypervariable loops or CDRs, 
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receptor binding domains and other ligand binding domains, examples of which will be 
readily apparent to those of skill in the art. 

The mechanism by which the binding of ligand to the extracellular ligand binding domain 
of the chimeric protein is transduced to the intracellular activation of the signalling domain 
5 is unclear. The mechanism most likely relies on some form of conformational change in the 
protein that exposes the primary or secondary signalling motifs to intracellular kinases, so 
facilitating their phosphorylation. Accordingly, when designing a chimeric receptor according 
to the invention, tfie choice of extracellular Ugand binding domain will depend upon the type 
and number of ligands that define tfie surface of a target cell. 

10 Preferably, the extracellular ligand binding domain is capable of interacting witii a cell 
surface molecule. Parts of receptors associated with binding to cell surface-associated 
molecules and especially include an antibody variable domain (Vh or VO, a T-cell receptor 
variable region domain (TCRa, TCRp. TCRy, TCR5) or a CD8a, CD8p, CDUA, CDUB, 
CDllC, CD18, CD29, CD49A, CD49B, CD49C, CD49D, CD49E, CD49F. CD61, CD41 

15 or CD51 chain. Of course, fragments of these domains or chains may be used where 
appropriate. 

For example, the extracellular ligand binding domain may be chosen to recognise a cell 
surface marker ligand expressed on target cells associated witii a disease state. 
Accordingly, surface marker ligands associated with viral, bacterial and parasitic infection, 

20 autoimmune disease and cancer cells are suitable. Examples of markers for cancer cells are 
tfie bombesin receptor expressed on lung tumour cells, CEA, PEM, CD33, Folate receptor, 
epithelial cell adhesion molecule (EPCAM) and erb-B2. Other molecules of choice are cell 
surface adhesion molecules, inflammatory cells present in auto-immune disease and T-cell 
receptors or antigens that give rise to autoimmunity. Furtfier examples will be readily 

25 apparent to tfiose of skill in tiie art. 

The chimeric receptors may be designed so as to be bi- or multi-specific. Proteins which 
feature more tiian one extracellular ligand binding domain may, for example, recruit 
cellular immune effector cells such as T-cells, B-cells, NK-cells, macrophages, neutrophils, 
eosinophils, basophihj or mast cells or components of tiie complement cascade. A 
30 particularly suitable combination of ligand specificities is anti-CD3 witii anti-CD28, to 
specifically recruit and stimulate T-cells. 
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As will be clear to the skilled artisan, these combinations of extracellular ligand binding 
domains can be on separate polypeptide chains or may be in series on a single polypeptide 
chain. 

It may also be desired for the extracellular ligand binding domains to be able to interact 
5 co-operatively with each other to form a ligand binding site. Particular examples include a 
Vh domain paired with a Vl domain, two or more TCRa, TCRp, TCR7 and/or TCR5 
domains, a CD8a or CDSP homo or heterodimer, CD 18 paired with one or more of CD 1 la, 
b, or c, CD29 paired with one or more of CD49a, b, c, d, e or f and CD61 paired with 
CD41c and/or CD51. In this aspect of the invention, in binding to ligand, each extracellular 
10 ligand binding domain forms part of a ligand binding site and in doing so establishes a 
close spatial proximity of the chains which constitute the chimeric receptor. 

In one aspect of the invention, the extracellular ligand binding domain may be chosen such 
that it interacts with one or more other extracellular ligand binding domains of other 
receptors of the same or different types. Indeed, naturally-occurring members of the MIRR 
15 family interact with multivalent antigens, and initiate their cellular response through a 
process that is dependent on aggregation of the receptors (Metzger, (1992), J. LnmunoL, 
149:1477-1487). 

In the same way, spacer domains may be incorporated into a chimeric receptor protein that 
either do, or do not associate with one another or with other proteins in the host cell 

20 membrane. By using non-associating spacer domains, constitutive association of the 
chimeric receptor proteins may be minimised to prevent their constitutive activation. Of 
course, the opposite effect may also be achieved if constitutive activation is desired. Either 
possibility may be achieved artificially by deleting, inserting, altering or otherwise 
modifying amino acids and naturally occurring sequences in the transmembrane and/or 

25 spacer domains which have sidechain residues that are capable of covalently or non- 
covalently interacting with the side chains of amino acids in other polypeptide chains. 
Particular examples of amino acids that can normally be predicted to promote association 
include cysteine residues, charged amino acids or amino acids such as serine or threonine 
within potential glycosylation sites. 

30 The chimeric receptors of the invention also comprise a transmembrane region. In many 
cases, the transmembrane domain that is naturally linked to the extracellular or intracellular 
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portion of the chimeric receptor may be retained. However, it has been discovered that it is 
possible to change the biological properties of membrane-associated proteins simply by 
substituting the natural transmembrane domain for a transmembrane domain that is not 
naturally part of the molecule or which is not naturally fiised to either of the extracellular or 
5 intracellular domains of the receptor. A synthetic transmembrane region may also be used. 
For the avoidance of doubt, the term "not naturally part" as used herein is intended to mean 
that the transmembrane domain does not naturally exist in association with the adjoining 
domains to which it is attached. 

The biological properties which may be altered by substitution of the transmembrane region 
10 include the level of expression. Accordingly, the level of expression of chimeric receptor 
may be matched to the level of expression of the particular target ligand for the receptor, so 
that the optimal degree of receptor cross-linking, clustering and oligomerisation can be 
achieved. This allows optimisation of activation of the signalling cascade within the cell in 
which the chimeric receptor protein is expressed. In this respect, specific transmembrane 
15 domams may be chosen to optimise cross-linking of the protein with other components of 
the membrane. The degree to which the level of expression of the protein has been altered 
by replacing the transmembrane domain can be assessed by a number of methods, such as 
by fluorescence-activated cell sorting (FACS) or Western blotting using an antibody 
specific for the protein of interest, or by monitoring the level of cytokine release in 
20 response to cell-bound and/or soluble antigen. 

Substitution of transmembrane region may also be used to change the sensitivity of the 
chimeric receptor protein for antigen. Furthermore, changing the transmembrane 
component also allows alteration of the ratio of cell surface-associated antigen to soluble 
antigen that is bound by a membrane-associated protein. Substitution of transmembrane 
25 region is described in detail in co-pending International patent applications filed by 
Celltech Therapeutics Ltd., entitled "Biological Product'' (Ref PA 448) and "Method" (Ref 
PA 480) filed on even date herewith. 

The transmembrane domain may be naturally-occurring, in which case the domain may be 
derived from any membrane protein other than the protein into which the domain is to be 
30 introduced. Of particular interest in this aspect of the invention are transmembrane domains 
derived from all or part of the alpha, beta or zeta chain of the T cell receptor, CD28, 
CD3epsilon, CD45, CD4, CD5, CDS, CD9, CD16, CD22, CD33, CD37, CD64, CD80, 
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CD86, CD 137, or CD 154. The transmembrane domain of a cytokine receptor may also be 
used (for example an interleukin receptor, a TNF receptor, or an interferon receptor). It may 
also be derived from a colony stimulating factor receptor such as GMCSF receptor. Further 
examples will be clear to those of skill in the art. 

5 Alternatively, the transmembrane component may be synthetic. Suitable synthetic 
transmembrane components will comprise predominantly hydrophobic amino acids such as 
leucine and valine. It has also been found preferable to include at each end of the 
transmembrane component the triplet phenylalanine, tryptophan, valine (FWV). 

It is intended that chimeric molecules according to the present invention be applied in 
10 methods of therapy of mammalian, particularly human, patients. By using the specificity of 
the extracellular ligand binding domain to define the precise ligands or class of ligands that 
are capable of activating the receptor, the receptor may be tailored to generate a cellular 
response by the cell in which the receptor is expressed. Chimeric proteins generated by the 
present invention may be particularly useful in the treatment of diseases or disorders such 
IS as those described under the general headings of infectious diseases, e.g. HIV infection; 
inflanmiatory disease/autoimmunity e.g. rheumatoid arthritis, osteoarthritis, inflammatory 
bowel disease; cancer; allergic/atopic diseases e.g. asthma, eczema; congenital e.g. cystic 
fibrosis, sickle cell anaemia; dermatologic, e.g. psoriasis; neurologic, e.g. multiple 
sclerosis; transplants e.g. organ transplant rejection, graft-versus-host disease; 
20 metabolic/idiopathic disease e.g. diabetes. 

For example, expression of the chimeric receptor on the surface of a T cell may initiate the 
activation of that cell upon binding of the extracellular domain to ligand on a target cell. 
The ensuing release of inflammatory mediators stimulated by activation of the signalhng 
function of the receptor ensures the destruction of the target cell. 

25 When a chimeric receptor produced according to the present invention is expressed in an ' 
effector cell of the immune system, binding to target will activate the effector cell; 
downstream effects of this activation may also result in the direct destruction of the target 
cell. 

If the extracellular ligand binding domain of the chimeric protein shows specificity for a 
30 surface marker on an immune cell, effector cells may be attracted to the site of disease. 
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Accordingly, expression of the chimeric protein in a diseased cell will ensure its 
destruction. 

Of course, more than one extracellular ligand binding domain may be included in the 
chimeric receptor protein or more than one type of chimeric receptor protein may be 
5 expressed in a single effector cell, so giving multiple specificity. Accordingly, binding of 
the chimeric receptor to its target may not only activate the effector cell itself, but may 
attract other inmiune effector cells to the site of disease. Once the immune system has been 
activated or recruited, the normal function of the immune system takes over and the target 
cell may thus be destroyed. 

10 Chimeric receptor proteins that possess more than one extracellular ligand binding domain 
may, for example, recruit cellular immune effector cells such as T-cells, B-cells, NK-cells, 
macrophages, neutrophils, eosinophils, basophils or mast cells or components of the 
complement cascade. A particularly suitable combination of ligand specificities is anti-CD3 
with anti-CD28, to specifically recruit and stimulate T-cells. 

15 Examples of suitable effector cells for expression of the chimeric receptors of the invention 
include cells associated with the inmiune system such as lymphocytes e.g. cj^otoxic T- 
lymphocytes, tumour infiltrating lymphocytes, natural killer cells, neutrophils, basophils or 
T-helper cells, dendritic cells, B-cells, haematopoietic stem cells, macrophages, monocytes 
or natural killer (NK) cells. Expression in cytotoxic T-lymphocytes is especially preferred. 

20 Nucleic acids encoding the synthetic signalling molecules or chimeric receptors of the 
invention may be introduced into host cells, either by vector or any other suitable carrier or 
delivery system, and expressed in such host cells using the procedures generally described 
in International patent applications W097/23613 and WO99/00494 and as described in the 
examples included herein. 

25 As described above, the nucleic acids and/or polypeptides of the invention may be 
employed in the treatment of a number of different diseases or disorders occurring in 
mammalian subjects, and the invention thus extends to a method of treatment of such 
subjects. Such a method comprises administering to the subject an effective amount of a 
nucleic acid or polypeptide as described above. The exact amount to be administered will 

30 depend on the age and condition of the patient, the nature of the disease or disorder and the 
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rate of administration, but may be determined using conventional means, for example, by 
extrapolation of animal experiment derived data. In particular, in ex vivo therapies, the 
number of transfected effector cells required may be established by ex vivo transfection and 
re-introduction into an animal model at a range of effector cell numbers. Similarly, the 
5 quantity of nucleic acid required for in vivo use may be established in animals using a range 
of DNA concentrations. 

According to a further aspect of the invention, there is provided a composition comprising a 
nucleic acid molecule, synthetic signalling sequence or chimeric receptor molecule 
according to any of the above described aspects of the invention, optionally in conjunction 
10 with a pharmaceutically-acceptable excipient. 

If the composition is suitable for oral administration the formulation may contain, in 
addition to the active ingredient, additives such as: starch - for example, potato, maize or 
wheat starch or cellulose - or starch derivatives such as microcrystalline cellulose; silica; 
various sugars such as lactose; magnesium carbonate and/or calcium phosphate. It is 
15 desirable that, if the formulation is for oral administration it will be well tolerated by the 
patient's digestive system. To this end, it may be desirable to include in the formulation 
mucus formers and resins. It may also be desirable to improve tolerance by formulating the 
compositions in a capsule which is insoluble in the gastric juices. It may also be preferable 
to include the composition in a controlled release formulation. 

20 According to a still further aspect of the invention there is provided a method of generating 
a synthetic signalling sequence comprising combining two or more different primary 
signalling motifs in an order in which they do not naturally occur. Secondary signalling motifs 
may also be included in the syntiietic signalling sequence. The intention of this method is to 
generate a synthetic signalling sequence that exhibits increased potency over naturally- 

25 occurring signalling sequences, eitiier in inducing cell killing, or effecting cytokine release in 
response to antigen challenge when said synthetic signalling sequence is expressed in an 
effector cell. 

The invention will now be described in further detail with specific reference to chimeric 
receptor molecules generated by the combination of SBs in a pBLUESCRIPT-based 
30 system. It will be appreciated that variation may be made from these specific examples 
without departing from the scope of the invention. 
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All documents cited herein are incorporated by reference. 

BRIEF DESCRIPTION OF THE HGURES 

Figure 1 : Schematic diagram showing system for assembly of SBs. 

Figure 2 : Cloning cassette for construction of chimeric receptors with synthetic 
5 signalling components. 

Figure 3 : Sequence of cloning cassette. 

Figure 4 : Oligonucleotide sequences for chimeric receptor construction. 

Figure 5 : Predicted amino acid sequence of SBs. 

Figure 6 : Level of expression and degree of activation of chimeric receptors 

10 containing synthetic signalling components by surface-bound antigen. 

Figure 7 : Activation of chimeric receptors containing synthetic signalling components 
by surface-bound antigen. 

Figures 8-11 : Activation of chimeric receptors containing synthetic signalling components 
by surface-bound antigen. 

15 Figure 12: Cytokine production by human PBMC effectors expressing chimeric 
receptors. 

Figure 13: Cytokines production by murine effectors expressing chimeric receptors. 
Figure 14: In vitro cell killing. 
Figure 15: In vivo immunotherapy. 
20 EXAMPLES 

These sequence blocks (SBs) are constructed by annealing two synthetic strands of 
DNA (oligos) so that the 5' end forms a Bel I overhang and the 3' end forms a BamH I 
overhang. Both these restriction site overhangs are compatible with a BamH I site in 
the cloning vector. Insertion of the SB in the correct orientation destroys the 5' BamH I 
25 site and retains a 3* BamH I site, allowing subsequent 3' insertion of SB(s). Insertion of 
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the SB in the wrong orientation retains a 5 ' BamHI site and generates a 3' stop codon 
(Figure 1). In this Example the SBs have 5' and 3* phosphate groups and the BaniH I 
site in the construction vector (Figure 2) has its phosphate groups removed to prevent 
vector re-ligation in the absence of insert ligation. 

5 Example 1 iConstruction of the cloning vector, pHMF393 

To facilitate construction of chimeric receptors with different binding, extracellular 
spacer, transmembrane and signalling components, a cloning cassette system was 
devised in pBluescript SK+ (Stratagene). This is a modification of our cassette system 
described in International Patent Specification No. WO 97/23613. 

10 This new cassette system is shown in Figure 2, The binding component has 5' Not I 
and Hind III restriction sites and a 3' Spe I restriction site.. The extracellular spacer has 
a 5' Spe I site (thr, Ser) and a 3' Nar I site (Gly, Ala). The transmembrane component 
has a 5' Nar I site (Gly, Ala) and 3' Mlu I (Thr, Arg) and BamHI sites (Gly, Ser). The 
signalling component may be cloned into the BamHI site. Following this BamH I site 

IS there is a stop codon for transcription termination and there is a EcoRI site 3' of this 
for subsequent rescue of whole constructs. 

To generate this cassette, a 200bp fragment was PGR assembled using oligos:- SO 146, 
A6081, A6082 and A6083 (Figure 4). This fragment starts with a Spel site and 
consists of the extracellular spacer h.CD28, the human CD28 transmembrane region, a 
20 stop codon and finishes with an EcoRI site (see Figure 3). This PGR fragment was 
then restricted with Spel and EcoRI and substituted for the same fragment in our 
previously described cloning cassette system to join the binding component 
(International Patent No. WO 97/23613 Figure 2). 

Example 2: Construction of Chimeric receptors with full length natural signalling 
25 regions 

These chimeric receptors will act as control chimeric receptors against which function 
of synthetic chimeric receptors will be compared. These new chimeric receptors with 
natural signalling regions include an optimised spacer component and transmembrane 
component as described in Patent application (PA448/TM); PCT/GB96/03209 and 
30 Finney et al : J.Immunol. 161 , 2791-2797,1998. 
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a) P67scFv/h.CD28/CD28Tm/FcRv chimeric receptor 

This construct was generated from the cloning vector, pHMF393 described above. The 
FcRy intracellular component was PGR cloned with oligos A9515 and A9516 (Figure 
4) from human Leukocyte cDNA (Clontech) and cloned into the BamHI site of the 
S described cassette (Figure 1). 

The binding component, P67 single chain Fv (scFv) with specificity for CD33 and 
CD33 on HL60 cells, consists of a human antibody leader sequence and the variable 
component of the light chain of the engineered human antibody linked via a 
(Gly4Ser)5 linker to the variable component of the heavy chain of the engineered 

10 human antibody. This binding component is described in W097/23613. The 
extracellular spacer component h.CD28, consists of residues 234 to 243 of human 
IgGl hinge and residues 1 18 to 134 of human CD28. The transmembrane component 
consists of residues 135 to 161 of human CD28 (A. Aruffo & B. Seed 1987 PNAS 84 
8573-8577), The intracellular component consists of residues 27 to 68 of the y chain of 

1 5 human FceRl (Kuster etal{\ 989) J. Biol. Chem. 255, 6448-6452) 

b) P67scFv/h.CD28/CD28Tm/TCRC chimeric receptor 

The TCR^ intracellular component was PGR cloned with oligos G3208 and G3209 
(Figure 4) from previously described chimeric receptor, P67scFV/Gl/2fcta 
(PGT/GB96/03209) on a Mlu I to EcoRI fragment and cloned into the Mlu I and EcoR 
20 I site of the described cassette (Figure 1). 

The binding component, P67 single chain Fv (scFv) with specificity for GD33 and 
CD33 on HL60 cells, consists of a human antibody leader sequence and the variable 
component of the light chain of the engineered human antibody linked via a 
(Gly4Ser)5 linker to the variable component of the heavy chain of the engineered 
25 human antibody. This binding component is described in WO 97/23613. The 
extracellular spacer component h.CD28, consists of residues 234 to 243 of human 
IgGl hinge and residues 118 to 134 of human GD28. The transmembrane component 
consists of residues 135 to 161 of human GD28 (A. Aruffo & B. Seed 1987 PNAS 84 
8573-8577). The intracellular component consists of residues 31 to 142 of the ^ chain 
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of human TCR^ (Weissman et al : PNAS 85 .9709-9713, 1988. Moingeon et al, Eur. 
J. Immunol. 20, 1741-1745, 1990). 

This product has been found to be particularly useful in a biological context in the 
treatment of cancer and forms a further feature of the present invention. 

5 c) scFv/Gl/zeta chimeric receptors 

Two chimeric receptors were constructed as described in International patent 
applciation W097/23613, and used as controls for in vitro and in vivo functional 
analysis (see Figures 14 and 15). These comprised the single chain Fvs, p67 (that 
demonstrates specificity for the CD33 antigen) and AB57 (which demonstrates 
10 specificity for CEA). 

Example 3;The construction of sequence blocks (SBs) 

Each sequence block was generated by annealing two oligos such that they have 
single-stranded overhangs forming half a Bel I site at the 5' end and half a BamH I site 
at the 3* end. Oligos were annealed at a concentration of Ipmole/jil in a buffer 
15 consisting of 25mM NaCl, 12.5 mM Tris-HCl, 2.5mM MgCl2, 0.25niM DTE, pH7.5 
by heating in a boiling water bath for 5 minutes and then allowing the bath to cool 
slowly to room temperature. 

The predicted amino acid sequences of these Examples of SBs are shown in Figure 5 

a) SBl 

20 This sequence is based on the first IT AM of human TCR^ and was constructed by 
annealing oligos A8816 and A8817 (Figure 4). Both these oligos have a 5' phosphate 
group. 

b) SB2 

This sequence is based on the second IT AM of human TCR ^ and was constructed by 
25 annealing oligos A8814 and A8815 (Figure 4). Both these oligos have a 5* phosphate 
group. 



c) SB3 
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This sequence is based on the third ITAM of human TCR ^ and was constructed by 
annealing oligos A8812 and A8813 (Figure 4). Both these oligos have a 5' phosphate 
group. 

d) SB4 

5 This sequence is based on the ITAM of the y chain of human FceRl and was 
constructed by annealing oligos A8810 and A8811 (Figure 4). Both these oligos have a 
5' phosphate group. 

e) SB4* 

This sequence was originally generated in error by mis-annealment of the above oligos 
10 but was subsequently made by annealing oligos A8810B and A881 IB (Figure 4). Both 
these oligos have a 5' phosphate group. 

f) SBS 

This sequence is based on the ITAM of the p chain of human FceRl and was 
constructed by annealing oligos A9000 and A9001 (Figure 4). Both these oligos have a 
15 5' phosphate group. 

g) SB6 

This sequence is based on the ITAM of the y chain of human CD3 and was constructed 
by annealing oligos A9002 and A9003 (Figure 4). Both these oligos have a 5' 
phosphate group. 

20 h)SB7 

This sequence is based on the ITAM of the 8 chain of human CDS and was constructed 
by anneaUng oligos A9004 and A9005 (Figure 4). Both these oligos have a 5' 
phosphate group. 

i)SB8 
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This sequence is based on the ITAM of the e chain of human CD3 and was constructed 
by annealing oligos A9006 and A9007 (Figure 4). Both these oligos have a 5' 
phosphate group. 

j) SB9 

S This sequence is based on the ITAM of human CDS and was constructed by annealing 
oligos A9008 and A9009 (Figure 4). Both these oligos have a 5' phosphate group. 

k)SB10 

This sequence is based on the ITAM of human CD22 and was constructed by 
annealing oligos A9010 and A9011 (Figure 4). Both these oligos have a 5' phosphate 
10 group. 

1) SBll 

This sequence is based on the ITAM of human CD79a and was constructed by 
annealing oligos A9012 and A9013 (Figure 4). Both these oligos have a 5' phosphate 
group. 

15 m)SB12 

This sequence is based on the ITAM of human CD79b and was constructed by 
annealing oligos A9014 and A9015 (Figure 4). Both these oligos have a 5' phosphate 
group. 

n)SB13 

20 This sequence is based on the ITAM of human CD66d and was constructed by 
annealing oligos A9016 and A9017 (Figure 4). Both these oligos have a 5' phosphate 
group. 

o)SB28 

This sequence is based on the costimulation motif of human CD28 and was 
25 consuiicted by annealing oligos A9018 and A9019 (Figure 4). Both these oligos have a 
5' phosphate group. 
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p) SB29 

This sequence is based on the costimulation motif of human CD154 and was 
constructed by annealing oiigos A9020 and A9021 (Figure 4), Both these oligos have a 
5' phosphate group. 

5 Example 4: Construction of chimeric receptors with synthetic signalling regions 
by sequential addition 

The vector, pHMF393 (described in Example 1) was digested with the restriction 
enzyme BamH I under the manufacturer's reconunended conditions (New England 
Biolabs) and then treated with alkaline phosphatase under the manufacturer's 

10 reconmiended conditions (Boehringer Mannheim) for 10 minutes at 37^0. The 
linearised vector fragment was gel eluted from a 1% agarose gel and purified using a 
QIAquick as described by QIAGEN Ltd. Approximately 1 ng of vector fragment was 
ligated to approximately 1 pmole of SB or mixture of SBs using T4 ligase and ATP 
under the manufacturer's reconmiended conditions (New England Biolabs) in a 10 |iil 

15 reaction. 2 of the ligation reaction was transformed into XL-1 blue competent E.coli 
as recommended by the supplier (Stratagene)and plated onto L-broth / Ampicillin 
plates. Ampicillin resistant colonies were screened for the presence of inserted SBs by 
PGR (PGR protocols, Innis et aU 1990, Academic Press Inc.) using oligos 
corresponding to regions 5' and 3* to the BamH I site in the vector. Positive colonies 

20 were picked and grown up in L-broth containing Ampicillin, and plasmid DNA 
prepared using QIAprep spin columns as described by QIAGEN Ltd. Correct 
orientation of the inserted SB was established by digesting the DNA with BamH I and 
an enzyme within the Vector (Nar I) under the manufacturer's recommended 
conditions (New England Biolabs). 

25 Gomect plasmids were then digested with BamH I, treated with alkaline phosphatase, 
gel purified and ligated to an SB or mixture of SBs as described above to insert a 
second SB. Golonies were screened again in the same way to find vectors with a 
second SB in the correct orientation. These vectors were then put through further 
rounds of digestion, purification, ligation and screening, as desired, to generate the 

30 required number of SBs in the correct orientation in a vector. 
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Specific Example: (see Table 1) 

P67/h.CD28/CD28TM/SB2.SBl.SB3.SBl (pHMF369) was constructed by the 
following steps of sequential addition:- 

ligation of vector pHMF393 to SB2 to generate pHMF403 

5 ligation of vector pHMF403 to SBl to generate pHMF410 

ligation of vector pHMF410 to SB3 to generate pHMF432 

ligation of vector pHMF432 to SBl to generate pHMF469. 

Example 5; Construction of chimeric receptors with svntlietic signalling regions 
bv multiple addition 

10 Construction of synthetic signalling regions with random combinations of SBs by 
adding mixtures of more than one SB at a time was done by the following methods:- 

Experimental procedures are carried out under the reconmiended conditions as 
described in Example 3 except where specifically stated. 

a) SBs were ligated to each other in the absence of vector and then digested with both 
IS Bel I and BamH I to cut SBs ligated to each other in incorrect orientations. If a specific 

number of SBs were required, then the desired size fragments were gel eluted and 
purified; if not, the ligated SB fragments were purified from the restriction enzymes 
using QIAquick as described by QIAGEN Ltd. and then ligated to the digested, 
phosphatased and purified vector. Ampicillin-resistant colonies were then generated 
20 and screened to select vectors with more than one SB in the correct orientation in a 
vector. 

b) SBs were ligated to the digested, phosphatased and purified vector and then 
digested with both Bel I and BamH I to cut SBs ligated to each other and to the vector 
in incorrect orientations. Fragments larger than the unligated vector were gel purified 

25 and then ligated to recircularise. Ampicillin-resistant colonies were then generated and 
screened to select vectors with more than one SB in the correct orientation in a vector. 
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c) SBs were ligated to the digested, phosphatased and purified vector at a ratio of SB 
to vector that favoured the insertion of multiple SBs; Ampicillin resistant colonies 
were then generated and screened to select vectors with more than one SB in the 
correct orientation in a vector. 

5 It was found that for maximum efficiency it was desirable to use method c and 
establish a titration of SB for each vector. A destimulation of colony number from 
vector only controls was a good indication of insertion of multiple SBs. It was also 
found to be more efficient to perform two rounds of ligation and screening for correct 
insertion of a low number of SBs rjuher than one round of ligation and screening for 
10 many SBs in the correct orientation. Statistically, adding 1 SB, 50% should be in the 
correct orientation; adding 2 SBs, 25% should be in the correct orientation but when 
4SBs are added at one time only 6% of vectors would have all 4 SBs in the desired 
orientation. 

In the case of multiple rounds of multiple insertion, mixtures of boUi vector and SBs 
1 5 were ligated to each other to increase diversity of tiie library produced. 

Specific Examples: (see table 1) 

P67/h.CD28/CD28TM/SBll.SB5.SB10.SB9 (pHMF537), 
P67/h.CD28/CD28TM/SB4.SB7.SB10 (pHMF538), P67/h.CD28/CD28TM/SB4.SB3 
(pHMF539) and P67/h.CD28/CD28TM/SB4.SBl (pHMF540) were constructed by 
20 ligating a mixture of linearised and phophatased vectors already containing one SB :- 
pHMF 403,404,405, 406, 515 and 516 to a mixture of SBs :- 
SB1,SB2,SB3,SB4,SB4*,SB5,SB6.SB7,SB8,SB9.SB10.SB1 1,SB12.SB13 and SB28. 

P67/h.CD28/CD28TM/SB2.SB 1.SB 1 (pHMF529), 
P67/h.CD28/CD28TM/SB2.SB4.SB5 (pHMF530), 
25 P67/h.CD28/CD28TM/SBll.SB4*.SB3 (pHMF531) and 

P67/h.CD28/CD28TM/SBll.SB4*.SB10* (pHMF532) were constioicted by hgating a 
mixture of linearised and phophatased vectors already containing two SBs :-pHMF 
408,410,412, 518, 519, 520, 521 and 522 to a mixture of SBs :- 
SB1,SB2,SB3,SB4,SB4*,SB5,SB6,SB7,SB8,SB9.SB10,SB1 1,SB12.SB13 and SB28. 
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Example 6 ; Cloning of fall length CD28 into chimeric receptors with synthetic 

signalling components 

Full length CD28 was cloned into the membrane proximal position of synthetic 
signalling components to provide increased co-stimulation. Residues residues 162 to 
5 202 comprising the intracellular component of human CD28 (Aruffo & Seed : PNAS 
84» 8573-8577) was PGR cloned using oligos D6996 and D6997 from a previously 
described chimeric receptor. P67scFV/ h.28 / CD28 (PCT/GB96/03209) on a Mlu I 
fragment and cloned into the Mlu I site upstream of the BamH I site of the cassette 
(Figure 2) into which synthetic signalling components have been built. 

10 Example 7; Analysis of receptors 

a) Constmction of expression plasmids 

The chimeric receptor constructs were subcloned from pBluescript KS+ into the 
expression vector pEE6hCMV.ne (C.R. Bebbington (1991), Methods 2, 136-145) on a 
Hindin to BcoRI restriction fragment. The expression vector with no chimeric receptor 
IS genes is used as a negative control in subsequent experiments. 

b) Stable transfection into Jurkat E6-1 cells 

The expression plasmids were linearised and transfected into Jurkat E6.1 cells 
(ECACC) by electroporation using a Bio-rad Gene Pulser. lOjig of DNA per 2.5 XIO^ 
cells were given two pulses of lOOOV, 3)iF in 1ml PBS. Cells were left to recover 
20 overnight in non-selective media before being selected and cultured in media 
supplemented with the antibiotic G418 (Sigma) at 1.5mg/ml. After approximately four 
weeks cells were ready for analysis. 

c) FACS analysis of surface expression 

Approximately 5X105 Jurkat cells were stained with l|Lig/ml FITC labelled antigen, 
25 CD33. Fluorescence was analysed by a FACScan cytometer (Becton Dickinson). 

d) IL-2 production analysis of function 
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2X105 cells were incubated at 370C/8% CO2 for 20 hours in 96 well plates with HL60 
target cells at an effector : target ratio of 1:1. Cell supematants were then harvested 
and assayed for human E>-2 (R&D Systems Quantikine kit). 



5 e) Functional analysis in primary cells 
Human effector cells 

Human PBMC blasts were prepared from donor blood by separation on Ficol followed by 
culture for five days in RPMI media with 10% FCS containing PHA at Sp-g/ml and 
recombinant human IL-2 at lOOU/ml. 

10 Mouse effector cells 

Spleens were recovered from BALB/c mice, and single cell suspensions prepared by 
passsage through nylon mesh. Red cells were lysed using the standard NCK lysing buffer; 
the remaining white cell fraction was cultured in DMEM with 10% FCS containing Con A 
at 2ng/ml and recombinant mouse IL-2 at lOOU/ml. 

15 Expressio n of chimeric receptors in primary cell blasts 

Expression of chimeric receptors in both mouse and human primary effector cells was 
achieved by recombinant adenovirus according to the Adeno-quest protocol (Quantum 
Biotechnologies Inc.). In general, cDNA encoding the chimeric receptor was cloned into a 
transfer vector at a site flanked by a recombination sequence. This was then co-transfected 

20 into QBI-293A cells with part of the Ad5 viral genome so that the product of in-vivo 
recombination yielded recombinant infectious viruses which were replication incompetent. 
Following plaque purification and amplification steps, recombinant adenovirus was used at 
MOIs of 100-1000 to infect either mouse or human effector cells. Inclusion of DEAE 
dextran at 2)ig/ml and sodium butyrate at 1.5mM in infection cultures was found to 

25 enhance expression of chimeric receptors. Infection with recombinant virus was carried out 
on day five of culture; effector cell populations expressing chimeric receptors were used on 
the day following infection. Cells were harvested and washed extensively before use as 
effectors in in-vitro assays and in-vivo in animal models. 
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Tumour target cells 

A mouse NSO cell line stably expressing the human GD33 antigen on its surface, under 
G418 selection, was used as a tumour target in in-vitro and in-vivo efficacy models. In 
certain assays, NSO cells transfected with the same vector, but without the human CD33 
S gene insert, were used as control target cells. 

In vitro efficacy: specific cytokine production 

The ability of chimeric receptors to mediate specific cytokine production, when expressed 
in human PBMC blasts or mouse spleen cell blasts as effector cells and challenged with 
target cells, was assessed. Effectors and target cells were co-cultured for 20 hours at E:T 
10 ratio of 1:1. Samples of supematants, containing secreted cytokines, were assayed by 
specific ELISA (RandD Systems). The range of cytokines produced included TNFa, 
TNFp, IFNy. GM-CSF, IL-2, IL-4 and IL-6. 
In-vitro efficacy: cell killing 

The ability of chimeric receptors with synthetic signalling regions, when expressed in 
15 primary effector cell blasts, to mediate specific killing of tumour target cells was tested in 
an in-vitro europium chelate cell killing assay. Mouse spleen effector cells were used as 
effectors, and NSO cells expressing human CD33 antigen were used as target cells. 3x10^ 
target cells were labelled with BATDA at lOpM for 20 minutes at 37°C. After extensive 
washing, 5,000. labelled target cells were incubated with effector cells expressing chimeric 
20 receptors at effector to target ratios (E:T) from 50:1 to 1:1 for up to four hours at ZTC At 
harvest, cells were centrifuged, and samples of supernatant containing chelate, which had 
been released from target cells, were transferred to europium solution. Fluorescence was 
measured in a time resolved fluorometer with a delay of 1000|xs, an integration time of 
lOOOps and with 100 flashes and 10ms between each flash. The specific chelate release 
25 following incubation of target cells with effector cells expressing chimeric receptors was 
compared to release caused by incubation of target cells with digitonin. 

In-vivo efficacy: inmiunotherapv 

1x10^ human PBMC blasts expressing chimeric receptors were mixed with 1x10^ NSO cells 
30 expressing CD33 antigen innmediately prior to injection sub-cutaneously into nude mice. 

Example 8 ; Results 
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a) The chimeric receptors claimed in this invention are listed in Table 1. Figures 6 to 
1 1 demonstrate signalling function of synthetic signalling components in relation to 
naturally-occurring signalling components when expressed in Jurkat. Function is 
demonstrated by specific cytokine production in response to cell bound antigen. 
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CD28 
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3 
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NOTES TO TABLE 1 

1) SB4* is a single amino acid different from SB4, initially generated by mis- 
annealment of oligos but subsequently deliberately generated by annealing oligos A8810B 

5 and A88 1 IB (see Figure 4) due to enhanced activity. 

SB4* :- GSYEKSDGVYTGLSTRNQETYDTLKHEKPGS 

2) SB 1* is a truncated version of SBl generated by a recombination event during 
cloning. 

SBl* :- GSGQNQLYNELNLGRREEYDVLAK 
10 3) R to G change at the 5' end of SB3 

4) A to T change at the 3 ' end of SB3 

5) K to R change at the 5' end of SB4* 

6) SB 10* is a truncated .version of SB 10 with an altered 3' end. 
SB 10* :- GSPPRTCDDTVTYSALHKRQVGDYENVIPER 

15 7) S to L change at the 5 ' end of SB4 and a S to G change in the middle of SB4. 
SB4" :- GLYEKSDGVYTGLGTRNQETYETLKHEKPGS 



20 



b) In vitro efficacy: cvtokine production 

Figures 12 and 13 show that the levels of cytokines produced by effector cells expressing 
the chimeric receptor P67/h.CD28/CD28TM/SB28.SB4*.SB2.SB4 were significantly 
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higher than the amounts produced by effector cells expressing the standard chimeric 
receptor, with a full length zeta chain signalling region, on challenge with target cells 
expressing the specific antigen. 

Effector cells expressing the chimeric receptor 

5 P67/h.CD28/CD28TM/SB28.SB4*.SB2.SB4 did not produce significant levels of cytokines 
constitutively or on challenge with target cells which did not express the specific antigen 
CD33. 

c) In vitro efficacy: cell killing 

10 No specific europium chelate release was seen from target cells that had been incubated 
with mouse spleen effector cells expressing a chimeric receptor with a full length zeta chain 
signalling region, but with an irrelevant specificity (A5B7 anti-carcinoembryonic antigen 
CEA). The chimeric receptor P67/h.CD28/CD28TM/SB28-SB4*.SB2.SB4 when expressed 
on mouse spleen cell blasts mediated significantly greater specific target cell killing than a 

15 chimeric receptor with a signalling region derived fi-om the standard T cell receptor zeta 
chain (see Figure 14). 

d) In vivo efficacy: immunotherapy 

Tumours became palpable in control groups by around day 10. Animals that had received 
20 human PBMC blasts expressing a chimeric receptor with an irrelevant specificity (A5B7 
anti-carcinoembryonic antigen CEA) developed tumours and did not survive beyond day 
29. At an E:T ratio of 1:1, human PBMC blasts expressing the standard chimeric receptor, 
with a signalling region derived from the T cell receptor zeta chain, did not significantly 
prolong survival over the control group (see Figure 15). In contrast, all ten animals that had 
25 received human PBMC blasts expressing the chimeric receptor 
P67/h.CD28/CD28TM/SB28.SB4*.SB2.SB4 premixed with NSO tumour target cells 
expressing CD33 did not go on to develop tumours. 
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CLAIMS 



1 . A nucleic acid encoding a synthetic signaUing molecule comprising two or more sequence 
blocks (SBs) encoding primary signalling motifs linked in an anangement in which said 

5 primary signalling motife do not occur naturally. 

2. A nucleic acid according to claim 1, wherein said primary signalling motifs are not the 
same primary signalling motifs. 

3. A nucleic acid molecule according to claim 1 or claim 2, wherein each SB is connected to 
another SB by a linker containing six or more base pairs. 

10 4. A nucleic acid molecule according to claim 3, wherein said linker encodes the sequence 
Gly-Ser. 

5. A nucleic acid molecule according to any one of the preceding claims, wherein each 
primary signalling motif is an immunoreceptor tyrosine-based activation motif (TTAM). 

6. A nucleic acid molecule according to claim 5, wherein each ITAM is derived fiom 
15 TCR^l, TCRp, TCRp. FcRy, FcRP, CD3y. CD38. CD3e. CDS. CD22, CD79a. CD79b 

orCD66d. 

7. A nucleic acid molecule according to any one of claims 1-5, wherein each primary 
signalling motif is selected from sequences SB 1 , SB2, SB3, SB4, SB4*, SB4", SBS, SB6, 
SB7, SBS. SB9. SBIO, SBll. SB12 and SB13. 

20 8. A nucleic acid molecule according to claim 7. wherein one of said primary signalling 
motifs is SBl, SB2. SB3, SB4, SB4*. or SB4". 

9. A nucleic acid molecule according to any one of claims S-8, wherein the N-terminal 
primary signalling motif in the encoded synthetic signaUing sequence is either the second 
ITAMofTCR^orisSB2. 

25 10. A nucleic acid molecule according to any one of claims 5-9. wherein a second primary 
signaUing motif in the encoded synthetic signalUng sequence is either the first ITAM of 
TCR the UAM of the y chain of FceRI, SBl, SB4 or SB4*, or SB4". 
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11. A nucleic acid molecule according to any one of claims S-10, wherein a third primary 
signalling motif in the encoded synthetic signalling sequence is either the third ITAM of 
TCRCorisSB3. 

12. A nucleic acid molecule encoding a synthetic signalling sequence which encodes one or 
5 more of SBl to SB13 in Figure 5. 

13. A nucleic acid molecule according to claim 12, wherein said synthetic signalling sequence 
comprises the coding sequence for SB4*. 

14. A nucleic acid molecule according to claim 12, wherein said synthetic signalling sequence 
comprises the coding sequence for SB4". 

10 15. A nucleic acid molecule according to any one of claims 1 to 4, wherein each primary 
signalling molecule is an immunoreceptor tyrosine-based inhibitory motif (ITIM). 

16. A nucleic acid molecule according to any one of the preceding claims which additionally 
encodes one or more secondary signalling motifs. 

17. A nucleic acid molecule according to claim 16, wherein each secondary signalling motif is 
15 encoded by a SB and is connected to another SB encoding either a primary or secondary 

signalling motif by a linker containing six or more base pairs. 

18. A nucleic acid molecule according to claim 17, wherein each linker encodes the sequence 
Gly-Ser. 

19. A nucleic acid molecule according to any one of claims 16-18, wherein each secondary 
20 signalling motif is selected from all or part of CD2, CD4, CDS, CD28 or CD154. 

20. A nucleic acid according to claim 19 wherein each secondary signalling motif is selected 
from all or part of CD28. 

21. A nucleic acid molecule according to claim 19 or claim 20, wherein each secondary 
signalling motif is selected from SB28 or SB29. 

25 22. A nucleic acid molecule according to any one of claims 19-21, wherein said secondary 
signalling motif is positioned N terminal to said primary signalling motifs. 
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23. A nucleic acid molecule encoding any one of the synthetic signalling regions listed in 
Table 1. 

24. A nucleic acid molecule according to claim 23, which encodes SB28-SB4*-SB2-SB4. 

25. A nucleic acid molecule according to claim 23, which encodes SB28-SB1-SB4". 

5 26. A peptide or polypeptide comprising a synthetic signalling molecule encoded by a nucleic 
acid molecule according to any one of claims 1-25. 

27. A chimeric receptor molecule containing one or more synthetic signalling regions encoded 
by a nucleic acid molecule according to any one of claims 23-25. 

28. A method of generating a synthetic signalling sequence comprising combining two or 
1 0 more primary signalling motifs in an order in which they do not naturally occur. 

29. A method according to claim 28, wherein said primary signalling motifs are different 
primary signalling motifs. 

30. A method according to claim 28 or claim 29, additionally comprising combining one or 
more secondary signalling motifs into the synthetic signalling sequence. 

15 31. A method according to claim 28 or claim 29, wherein said syntiietic signalling sequence 
exhibits increased potency over naturally-occurring signalling sequences in eitiier inducing 
cell killing, or effecting cytokine release in response to antigen challenge when said 
synthetic signalling sequence is expressed in an effector cell. 

32. A composition comprising a chimeric receptor protein according to claim 27 or a 
20 nucleic acid molecule according to any one of claims 1-25, in conjunction with a 

pharmaceutically-acceptable excipient. 

33. A chimeric receptor protein according to claim 27, for use in Uierapy. 

34. Use of a chimeric receptor protein according to claim 27 or a nucleic acid molecule 
according to any one of claims 1 to 25 in the manufacture of a medicament for tiie 

25 treatment or prevention of a disease in humans. 



35. A vector comprising a nucleic acid molecule according to any one of claims 1-25. 
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36. A host cell transformed with a nucleic acid molecule according to any one of claims 
1-25, expressing a peptide or polypeptide according to claim 26 or expressing a 
chimeric receptor molecule according to claim 27. 
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FIG. 1 

SEQUENTIA L SINGLE SEQUENCE ADDITION 

Vector BamHI 

ACG CGT G Qj^ TCC TGA 

TGC GCA CCT AG q ;^ct 

T R * 

GA TCA IIIIIIIMIIIIIIlG 
^^1^ T MIIIIIIIIIIIIIICCT AG BaitiHI 

Annealed Oligos 

Correct Orientation: 

ACG CGT GGA TCA | | | | I I I I I I I I I | | | GGA TCC TGA 
TGC GCA CCT AGT | | | | | M I I I I I I M | CCT AGG ACT 
T R G S G S * 

Wrong Orientation: 

ACG CGT GGA TCA | | I I I I I I M | I I I I I TGA TCC TGA 

TGC GCA CCT AGT | | | | | | I I I I I | | | | |ACT AGG ACT 
T R G S * S * 

MULTIPLE ADDITinM 

SamH I J 
Bel Bam 

Bel Bam 

Bel Bam 
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FIG. 4 

OLIGONUCLEOTIDE SEQUENCES FOR CHIMERIC RECEPTOR CONSTRUCTION 
All ollgos are listed in the 5' to 3' orientation 

S0146:CGACTAGTGACAAAACTCACACATGCCCACCGTGCCCAAAAGGGAAACAC 
CTTTGTCCAACTCCC 

A6081:GCCTTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTT 
GCTAGTAACAGTG 

A6082:TATGAATTCTCAGGATCCACGCGTCACCCAGAAAATAATAAAGGCCACTGT 
TACTAGCAAGCTATAG 

A6083:CACCACCAGCACCCAAAAGGCGCCGGGCTTAGAAGGTCCGGGAAATAGG 
GGACTTGGAC 

A951 5:GGCTGATCACGACTGAAGATCCAAGTGCG 

A951 6:TATGAATTCTCAGGATCCCTGTGGTGGTTTCTCATG 

C3208:TATGAATTCTCAGGATCCGCGAGGGGGCAGGGCCTGCATG 

C3209:GTGACGCGTGGATCAAGAGTGAAGTTCAGCAGGAGC 

D6996:GCCACGCGTGGATCAAGGAGTAAGAGGAGCAGGCTC 

D6997:CCGACGCGTGGAGCGATAGGCTGCGAAGTCGCGTGG 

A8810:GATCCTGGTrTCTCATGCTTCAGAGTCTCGTAAGTCTCCTGGTTCCTGGTG 
CTCAGGCCCGTGTAACACCATCTGATTTCTCATAT 

A8810B:GATCCTGGTTTCTCATGCTTCAGAGTATCGTAAGTCTCCTGGTTCCTGGT 
GCTCAGGCCCGTGTAACACCATCTGATTTCTCATAT 

A881 1 :GATCATATGAGAAATCAGATGGTGTTTACACGGGCCTGAGCACCAGGAACC 
AGGAGACTTACGAGACTCTGAAGCATGAGAAACCAG 

A881 1 B:GATCATATGAGAAATCAGATGGTGTTTACACGGGCCTGAGCACCAGGAAC 
CAGGAGACTTACGATACTCTGAAGCATGAGAAACCAG 

A8812:GATCCGGCCTGCATGTGAAGGGCGTCGTAGGTGTCCTTGGTGGCTGTACT 
GAGACCCTGGTAAAGGCCATCGTGCCCCTGTCCCCTT 

A8813:GATCAAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCC 
ACCAAGGACACCTACGACGCCCTTCACATGCAGGCCG 

A8814:GATCCGCGCTCGCCTTTCATCCCAATCTCACTGTAGGCCTCCGCCATCTTA 
TCTTTCTGCAGTTCATTGTACAGGCCTTCCTGAGGGTTCTTCCTT 
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A8815:GATCAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATA 
AGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCG 

A8816:GATCCCATCTCAGGGTCCCGGCCACGTCTCTTGTCCAAAACATCGTAGTCC 
TCTCTTCGTCCTAGATTGAGCTCGTTATAGAGCTGGTTCTGGCCT 

A8817:GATCA GGCC AGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGAG 
GAGTACGATGTTTTGGACAAGAGACGTGGCCGGGACCCTGAGATGG 

A9000:GATCAGGAAACAAGGTTCCAGAGGATCGTGTTTATGAAGAATTAAACATAT 
ATTCAGCTACTTACAGTGAGTTGGAAGACCCAGGGGAAATGTCTCCTG 

A9001:GATCCAGGAGACATTTCCCCTGGGTCTTCCAACTCACTGTAAGTAGCTGAA 
TATATGTTTAATTCTTCATAAACACGATCGTCTGGAACCTTGTTTCCT 

A9002:GATCAAAGCAGACTCTGTTGCCCAATGACCAGCTCTACCAGCCCCTCAAGG 
ATCGAGAAGATGACCAGTACAGCCACCTTCAAGGAAACCAGTTGAGGG 

A9003:GATCCCCTCAACTGGTTTCCTTGAAGGTGGCTGTACTGGTCATCTTCTCGA 
TCCTTGAGGGGCTGGTAGAGCTGGTCATTGGGCAACAGAGTCTGCTTT 

A9004:GATCAGCTCTGTTGAGGAATGACCAGGTCTATCAGCCCCTCCGAGATCGA 
GATGATGCTCAGTACAGCCACCTTGGAGGAAACTGGGCTCGGAACAAGG 

A9005:GATCCCTTGTTCCGAGCCCAGTTTCCTCCAAGGTGGCTGTACTGAGCATCA 
TCTCGATCTCGGAGGGGCTGATAGACCTGGTCATTCCTCAACAGAGCT 

A9006:GATCACAAAACAAGGAGAGGCCACCACCTGTTCCCAACCCAGACTATGAG 

CCCATCCGGAAAGGCCAGCGGGACCTGTATTCTGGCCTGAATCAGAGACGCATC 
G 

A9007:GATCCGATGCGTCTCTGATTCAGGCCAGAATACAGGTCCCGCTGGCCTTTC 
CGGATGGGCTCATAGTCTGGGTTGGGAACAGGTGGTGGCCTCTCCTTGTTTTGT 

A9008:GATCACACGTGGATAACGAATACAGCCAACCTCCCAGGAACTCCCGCCTGT 
CAGCTTATCCAGCTCTGGAAGGGGTTCTGCATCGCTCCG 

A9009:GATCCGGAGCGATGCAGAACCCCTTCCAGAGCTGGATAAGCTGACAGGCG 
GGAGTTCCTGGGAGGTTGGCTGTATTCGTTATCCACGTGT 

A9010:GATCACCTCCCCGGACCTGCGATGACACGGTCACTTATTCAGCATTGCAOA 
AGCGCCAAGTGGGCGACTATGAGAACGTCATTCCAGATTTTCCAGAAGATGAGG 

A901 1 iGATCCCTGATCTTCTGGAAAATCTGGAATGACGTTCTCATAGTCGCCCACTT 
GGCGCTTGTGCAATGCTGAATAAGTGACCGTGTCATCGCAGGTCCGGGGAGGT 

A9012:GATCAGAATATGAAGATGAAAACCTTTATGAAGGCCTGAACCTGGACGACT 
GCTCCATGTATGAGGACATCTCCCGGGGCCTCCAGGGCACCTACCAGGATGTGG 

A9013:GATCCCACATCCTGGTAGGTGCCCTGGAGGCCCCGGGAGATGTCCTCATA 
CATGGAGCAGTCGTCCAGGTTCAGGCCTTCATAAAGGTTTTCATCTTOATATTCT 

A9014:GATCAAAGGCTGGCATGGAGGAAGATCACACCTACGAGGGCCTGGACATT 
GACCAGACAGCCACCTATGAGGACATAGTGACGCTGCGGACAGGGGAAGTGG 

A9015:GATCCCACTTCCCCTGTCCGCAGCGTCACTATGTCCTCATAGGTGGCTGTC 
TGGTCAATGTCCAGGCCCTCGTAGGTGTGATCTTCCTCCATGCCAGCCTTT 

SIIRSTITTITF SHEET mULE 26> 



6h7 



A9016:GATCACCCCTACCCAACCCCAGGACAGCAGCTTCCATCTATGAGGAATTGC 
TAAAAGATGACACAAACATTTACTGCCGGATGGACCACAAAGCAGAAGTGGCTG 

A9017:GATCCAGCCACTTCTGCTTTGTGGTCCATCCGGCAGTAAATGTTTGTGTCA 
TGTTTTAGCAATTCCTCATAGATGGAAGCTGCTGTCCTGGGGTTGGGTAGGGGT 

A9018:GATCAAGGCTCCTGCACAGTGACTACATGAACATGACTCCTCGCCGACCAG 
GGCCAACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAG 

A9019:GATCCTGCGAAGTCGCGTGGTGGGGCATAGGGCTGGTAATGCTTGCGGGT 
TGGCCCTGGTCGGCGAGGAGTCATGTTCATGTAGTCACTGTGCAGGAGCCTT 

A9020:GATCAATGATCGAAACATACAACCAAACTTCTCCCCGATCTGCGGCCACTG 
GACTGCCCATCAGCATGAAAG 

A9021:GATCCTTTCATGCTGATGGGCAGTCCAGTGGCCGCAGATCGGGGAGAAGT 
TTGGTTGTATGTTTCGATCATT 

F\G, 4(C0NTD.) 
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FIG. 5 

THE AMINO ACID SEQUENCE OF SEQUENCE BLOCKS 
The single letter amino acid code is used 

SBl GSGQNQLYNELNLGRREEYDVLDKRRGRDPEMGS 

SB2 GSRKNPQEGLYNELQKDKMAEAYSEIGMKGERGS 

SB3 GSRGKGHDGLYQGLSTATKDTYDALHMQAGS 

SB4 GSYEKSDGVYTGLSTRNQETYETLKHEKPGS 

SB4: GSYEKSDGVYTGLSTRNQETYDTLKHEKPGS 

SB5 GSGNKVPEDRVYEELNIYSATYSELEDPGEMSPGS 

SBg GSKQTLLPNDQLYQPLKDREDDQYSHLQGNQLRGS 

SSZ GSALLRNDQVYQPLRDRDDAQYSHLGGNWARNKGS 

SB8 GSQNKERPPPVPNPDYEPIRKGQRDLYSGLNQRRIGS 

^ GSHVDNEYSQPPRNSRLSAYPALEGVLHRSGS 

$B1Q GSPPRTCDDTVTYSALHKRQVGDYENVIPDFPEDEGS 

SB11 GSEYEDENLYEGLNLDDCSMYEDISRGLQGTYQDVGS 

SB12 GSKAGMEEDHTYEGLDIDQTATYEDIVTLRTGEVGS 

SB13 GSPLPNPRTAASIYEELLKHDTNIYCRMDHKAEVAGS 

SB28 GSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAGS 

SB29 GSMIETYNQTSPRSAATGLPISMKGS 
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eas-t^as-sas 
eas-i-as-sas 
sas-sas-ias 
i-as-sas 
t^as 

*^as-sas 

las-i-as 
sas 

eas-tas 
sas-sas 

^t^as-^as 
las 

t^as-i-as 
eas 
*hnodiNOO 



(|UJ/Bd) NOiionaoHd s-n 



9/17 




saseast'as'sas 



i.aseas>as"2as 



i?aseas'i.as'2as 



easeas'i.as'2as 



2as'eas'i.as*sas 



lascasi-assas 



eas^assas 



eas" i.as'2as 



eas'sasi-as 



V13Z dOl MJ6ua| ||nj 



-nodiNoo 



(iuj/6d) Noiionaodd s-ii 
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♦i^aseasxas 
i.asnas*t^as 
eassas' las 
eas'cas^t^as 
sas' i-assas 
*i7as'8sas 
i-as'83as 
eas^^asuas 
sas't-as'sas 
^as■^as•^as 
82as" i-as'sas 
aas'sasi-assas 

V13Z dOl Ml6u9| iinj 
hlOdlNOO 



(iuj/6d) NOiionaodd Z'i\ 
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CO 

LU 

O 
Q- 

o 
o 

CD 



CD 
CO 
O 



>- 
CO 



CO 
QC 
O 
I— 
Q. 
LU 
O 
LU 
QC 

O 

OC 




O 

CD 



CO 



CO 



2 m 

P O 

CO o 

O -J 



□ 



^ r- 

2 o 

2 o 

O lO 

CO CM 



~T r 

2 o 
2 o 

CM 1— 



O 
O 

o 



o 
o 





.eas'82as 



eiasi.as'82as 



2as'i.as*8sas 



82asi.as"82as 



*t7asM7as'82as 



sas*t?as'82as 



i-as'8sas 



viaz nnd 



■nOdlNOO 933 



(iiAj/6ci) Noiionaodd 2-11 
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CO 



CO 



^ LJJ 

P o 



CO 



□ 



o 

CO 



r- 

o o 
o o 



O 
O 
CO 



—I r 

o o 
o o 

CM 1- 



B19Z L|l6u9| iinj 



- noaiNoo 



(iuj/Bd) NoiionaoycJ s-ii 
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CO 

cc 
o 



LU 




(iuj/6d) Noiionaodd 1^-11 

SUBSTITUTE SHEET (RULE 26) 



wo 00/63372 



PCT/GBOO/01456 



14/17 

FIG. 72 CYTOKINE PRODUCTION BY HUMAN PBMC 
EFFECTORS EXPRESSING CHIMERIC RECEPTORS 
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FIG, 13 CYTOKINE PRODUCTION BY MURINE 
EFFECTORS EXPRESSING CHIMERIC RECEPTORS 
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SuiAiAjns % 



SUBSTITUTE SHEET (RULE 26) 



SEQUENCE LISTING 

<110> CELLTECH THERAPEUTICS LIMITED 
<120> SnnHETIC SIGNALLING MOLECULES 



<130> P021408WO 

<140> PCT/GBOO/01456 
<141> 17.04,00 

<150> GB9908807.2 
<151> 16.04.99 

<160> 63 

<170> SeqWin99 

<210> 1 
<211> 200 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> FIGURE 3 (TOP) 
<400> 1 

cgactagtga caaaactcac acatgcccac cgtgcccaaa agggaaacac ctttgtccaa 6 
0 

gtcccctatt tcccggacct tctaagcccg gcgccttttg ggtgctggtg gtggttggtg 1 
20 

gagtcctggc ttgctatagc ttgctagtaa cagtggcctt tattattttc tgggtgacgc 1 
80 

gtggatcctg agaattcata 2 



<210> 2 

<211> 200 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> FIGURE 3 (BOTTOM) 

<400> 2 

gctgatcact gttttgagtg tgtacgggtg gcacgggttt tccctttgtg gaaacaggtt 6 



caggggataa agggcctgga agattcgggc cgcggaaaac ccacgaccac caccaaccac 1 



00 



20 

ctcaggaccg 
80 

cacctaggac 
00 



aacgatatcg aacgatcatt gtcaccggaa ataataaaag acccactgcg 1 



tcttaagtat 



2 



<210> 

<211> 
<212> 



3 

34 
PRT 



page 1 
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<213> Artificial Sequence 



<220> 

<223> SBl 



<400> 3 

Gly Ser Gly Gin Asn Gin Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg 



10 15 



Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met 

25 30 

Gly Ser 



<210> 4 

<2il> 31 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SBl* 

<400> 4 



Gly ser Tyr Glu Lys Ser Asp Gly Val Tyr Thr Gly Leu Ser Thr Arg 

Asn Gin Glu Thr Tyr Asp Thr Leu Lys His Glu Lys Pro Gly Ser 

25 3Q 

<210> 5 
<211> 34 
<212> PRT 

<213> Artificial Segu^ce 
<220> 

<223> SB2 



Gly Ser Arg Lys Asn Pro Gin Glu Gly Leu Tyr Asn Glu Leu Gin Lys 

ASP Lys Met Ala Glu Ala Tyr Ser Glu lie Gly Met Lys Gly Glu Arg 

25 30 

Gly Ser 



<210> 6 

<211> 31 

<212> PRT 

<213> Artificial* Sequence 
<220> 

<223> SB3 

<400> 6 

page 2 
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Gly Ser Arg Gly Lys Gly His Asp Gly Leu Tyr Gin Gly Leu Ser Thr 
15 10 15 

Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gin Ala Gly Ser 
20 25 30 



<210> 7 
<211> 31 
<212> PRT 



<213> Artificial Sequence 



<220> 

<223> SB4 



<400> 7 

Gly Ser Tyr Glu Lys Ser Asp Gly Val Tyr Thr Gly Leu Ser Thr Arg 
1 5 10 15 



<400> 7 

fc Glu Lys Ser Asp Gly Val Tyr Vbr Gly Leu Ser 

15 

Asn Gin Glu Thr Tyr Glu Thr Leu Lys His Glu Lys Pro Gly Ser 
20 25 . 30 

<210> 8 

<211> 31 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB4* 
<400> 8 

Gly Ser Tyr Glu Lys Ser Asp Gly Val Tyr Thr Gly Leu Ser Thr Arg 
1 5 10 15 

Asn Gin Glu Thr Tyr Asp Thr Leu Lys His Glu Lys Pro Gly Ser 
20 25 30 

<210> 9 
<211> 31 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB4" 
<400> 9 

Gly Leu Tyr Glu Lys Ser Asp Gly Val Tyr Hir Gly Leu Gly Thr Arg 
1 5 10 15 

Asn Gin Glu Thr Tyr Glu Thr Leu Lys His Glu Lys Pro Gly Ser 
20 25 30 

<210> 10 
<211> 35 
<212> PRT 

<213> Artificial Sequence 

<220> , 

page 3 
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ISA/EP 



<223> SB5 



<400> 10 

Gly Ser Gly Asn Lys Val Pro Glu Asp Arg Val Tyr Glu Glu Leu Asn 
15 10 15 

He OVr Ser Ala Thr Tyr Ser Glu Leu Glu Asp Pro Gly Glu Met Ser 
20 25 30 

Pro Gly Ser 
35 

<210> 11 
<211> 35 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB6 
<400> 11 

Gly Ser Lys Gin Thr Leu Leu Pro Asn Asp Gin Leu Tyr Gin Pro Leu 
15 10 15 

Lys Asp Arg Glu Asp Asp Gin Tyr Ser His Leu Gin Gly Asn Gin Leu 
20 25 30 

Arg Gly Ser 
35 



<210> 12 

<211> 35 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB7 



<400> 12 

Gly Ser Ala Leu Leu Arg Asn Asp 
1 5 

Arg Asp Asp Ala Gin Tyr Ser His 
20 

Lys Gly Ser 
35 



Gin Val Tyr Gin Pro Leu Arg Asp 
10 15 

Leu Gly Gly Asn Trp Ala Arg Asn 
25 30 



<210> 13 

<211> 37 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB8 



<400> 13 
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ISA/EP 



Gly Ser Gin Asn Lys Glu Arg Pro Pro Pro Val Pro Asn Pro Asp Tvr 
1 5 10 .15 

Glu Pro He Arg Lys Gly Gin Arg Asp Leu Tyr Ser Gly Leu Asn Gin 
20 25 30 

Arg Arg He Gly Ser 
35 

<210> 14 
<211> 32 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB9 
<400> 14 

Gly Ser His Val Asp Asn Glu Tyr Ser Gin Pro Pro Arg Asn Ser Arg 
15 10 15 

Leu Ser Ala Tyr Pro Ala Leu Glu Gly Val Leu His Arg Ser Gly Ser 
20 25 30 



<210> 15 
<2H> 37 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> SBIO 
<400> 15 

Gly Ser Pro Pro Arg Thr Cys Asp Asp Thr Val Thr Tyr Ser Ala Leu 
15 10 15 

His Lys Arg Gin Val Gly Asp Tyr Glu Asn Val He Pro Asp Phe Pro 
20 25 30 

Glu Asp Glu Gly Ser 
35 



<210> 


16 


<211> 


31 


<212> 


PRT 


<213> 


Artificial 


<220> 




<223> 


SBIO* 



<400> 16 

Gly Ser Pro Pro Arg Thr Cys Asp Asp Thr Val Thr Tyr Ser Ala Leu 
15 10 15 

His Lys Arg Gin Val Gly Asp Tyr Glu Asn Val He Pro Glu Arg 
20 25 30 
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<210> 17 

<211> 37 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SBll 

<400> 17 

Gly Ser Glu Tyr Glu Asp Glu Asn Leu Tyr Glu Gly Leu Asn Leu Asp 

5 10 



15 



Asp Cys ser Met Tyr Glu Asp He Ser Arg Gly Leu Gin Gly Thr Tyr 
20 25 30 

Gin Asp Val Gly Ser 
35 

<210> 18 
<211> 36 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB12 
<400> 18 

Gly Ser Lys Ala Gly Met Glu Glu Asp His -Hir Tyr Glu Gly Leu Asp 



5 10 15 

3 

30 



He Asp Gin Thr Ala Thr Tyr Glu Asp He Val Thr Leu Arg Thr Glv 

20 25 - - 



Glu Val Gly Ser 
35 

<210> 19 
<211> 37 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB13 



<400> 19 

Gly Ser Pro Leu Pro Asn Pro Arg Thr Ala Ala Ser He Tyr Glu Glu 

1 5 in 



5 10 15 

3 

30 



Leu Leu Lys His Asp Thr Asn He Tyr Cys Arg Met Asp His Lys Ala 
20 25 



Glu Val Ala Gly Ser 
35 

<210> 20 
<211> 36 

page 6 

RECTIFIED SHEET (RULE 91) 
ISA/EP 



i'ci/iii»ni/uj4ao 



<212> FRT 

<213> Artificial Sequence 
<220> 

<223> SB28 



<400> 20 

Gly Ser Arg Leu Leu His Ser Asp Tyr Met Asn Met Thr Pro Arg Arg 
15 10 15 

Pro Gly Pro Thr Arg Lys His Tyr Gin Pro Tyr Ala Pro Pro Arg Asp 
20 25 30 

Phe Ala Gly Ser 
35 



<210> 21 

<211> 26 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> SB29 



<400> 21 

Gly Ser Met lie Glu Thr Tyr Asn Gin Thr Ser Pro Arg Ser Ala Ala 
15 10 15 

Thr Gly Leu Pro lie Ser Met Lys Gly Ser 
20 25 



<210> 
<211> 
<212> 
<213> 

<220> 
<223> 



22 
65 
DNA 

Artificial Sequence 



S0146 



<400> 22 

cgactagtga ceuiaactcac acatgcccac cgtgcccaaa agggaaacac ctttgtccaa 
0 

ctccc 
5 



6 
6 



<210> 

<211> 
<212> 
<213> 

<220> 
<223> 



23 
63 
DNA 

Artificial Sequence 



A6081 



<400> 23 

gccttttggg tgctggtggt ggttggtgga gtcctggctt gctatagctt gctagtaaca 

srtg ^ 

page? 
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<210> 24 

<211> 67 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A6082 

<400> 24 

tatgaattct caggatccac gcgtcaccca gaaaataata aaggccactg ttactagcaa 

gctatag 
7 

<210> 25 
<211> 59 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A6083 
<400> 25 

caccaccagc acccaaaagg cgccgggctt agaaggtccg ggaaataggg gacttggac 

<210> 26 

<211> 29 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9515 

<400> 26 

ggctgatcac gactgaagat ccsiagtgcg 

<210> 27 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9516 
<400> 27 

tatgaattct caggatccct gtggtggttt ctcatg 
6 

<210> 28 
<211> 40 
<212> im. 

<213> Artificial Sequence 

page 8 
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<220> 
<223> 



C3208 



<400> 28 

tatgaattct caggatccgc gagggggcag ggcctgcatg 
0 



4 



<210> 29 

<211> 36 

<212> mOi 

<213> Artificial Sequence 
<220> 

<223> C3209 

<400> 29 

gtgacgcgtg gatcaagagt gaagttcagc aggagc 3 
6 

<210> 30 

<2H> 36 

<212> ONA 

<213> Artificial Sequence 
<220> 

<223> D6996 

<400> 30 

gccacgcgtg gatcaaggag teiagaggagc aggctc 3 
6 

<210> 31 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> D6997 

<400> 31 

ccgacgcgtg gagcgatagg ctgcgaagtc gcgtgg 3 
6 

<210> 32 

<211> 86 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8810 

<400> 32 

gatcctggtt tctcatgctt cagagtctcg taagtctcct ggttcctggt gctcaggccc 6 



0 

gtgtaacacc atctgatttc tcatat 
6 



8 
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<210> 33 

<211> 86 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8810B 

<400> 33 

gatcctggtt tctcatgctt cagagtatcg taagtctcct ggttcctggt gctcaggccc 6 

gtgtaacacc atctgatttc tcatat a 

6 « 

<210> 34 

<211> 87 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> A8811 

<400> 34 

gatcatatga gaaatcagat ggtgtttaca cgggcctgag caccaggaac caggagactt 6 

acgagactct gaagcatgag aaacca? « 

7 8 

<210> 35 

<211> 87 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8811B 

<400> 35 

gatcatatga gaaatcagat ggtgtttaca cgggcctgag caccaggaac caggagactt 6 

acgatactct gaagcatgag aaaccag o 
7 ° 

<210> 36 

<211> 87 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8812 

<400> 36 

gatccggcct gcatgtgaag ggcgtcgtag gtgtccttgg tggctgtact gagaccctgg 6 

taaaggccat cgtgcccctg tcccctt o 
7 ^ 

<210> 37 
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<211> 87 

<212> im. 

<213> Artificial Sequence 
<220> 

<223> A8813 

<400> 37 

gatcaagggg caaggggcac gatggccttt accagggtct cagtacagcc accaaggaca 6 

cctacgacgc ccttcacatg caggccg o 
7 

<210> 38 
<211> 96 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8814 
<400> 38 

gatccgcgct cgcctttcat cccaatctca ctgtaggcct ccgccatctt atctttctgc 6 

agttcattgt acaggccttc ctgagggttc ttcctt q 
6 

<210> 39 
<211> 96 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8815 
<400> 39 

gatcaaggaa gaaccctcag gaaggcctgt acaatgaact gcagaaagat aagatggcgg 6 

aggcctacag tgagattggg atgaaaggcg agcgcg o 
6 

<210> 40 
<211> 96 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8816 
<400> 40 

gatcccatct cagggtcccg gccacgtctc ttgtccaaaa catcgtactc ctctcttcgt 6 

cctagattga gctcgttata gagctggttc tggcct 9 
6 

<210> 41 
<211> 96 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A8817 
<400> 41 

gatcaggcca gaaccagctc tataacgagc tcaatctagg acgaagagag gagtacgatg 6 
0 

ttttggacaa gagacgtggc cgggaccctg agatgg 9 
6 



<210> 


42 


<211> 


99 


<212> 




<213> 


Artificial 


<220> 




<223> 


A9000 


<400> 


42 



gatcaggaaa caaggttcca gaggatcgtg tttatgaaga attaaacata tattcagcta 6 
0 

cttacagtga gttggaagac ccaggggsiaa tgtctcctg 9 
9 



<210> 


43 


<211> 


99 


<212> 


DMA 


<213> 


Artificial 


<220> 




<223> 


A9001 


<400> 


43 



gatccaggag acatttcccc tgggtcttcc aactcactgt aagtagctga atatatgttt 6 
0 

aattcttcat eiaacacgatc ctctggaacc ttgtttcct 9 
9 



<210> 


44 


<211> 


99 


<212> 


DMA 


<213> 


Artificial 


<220> 




<223> 


A9002 


<400> 


44 



gatcaaagca gactctgttg cccaatgacc agctctacca gcccctcaag gatcgagaag 6 
0 

atgaccagta cagccacctt caaggaaacc agttgaggg 9 
9 

<210> 45 
<211> 99 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> A9003 



<400> 45 

gatcccctca actggtttcc ttgaaggtgg ctgtactggt catcttctcg atccttgagg 6 

ggctggtaga gctggtcatt gggcaacaga gtctgcttt g 
9 

<210> 46 
<211> 99 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9004 
<400> 46 

gatcagctct gttgaggaat gaccaggtct atcagcccct ccgagatcga gatgatgctc 6 
agtacagcca ccttggagga aactgggctc ggaacaagg 9 

<210> 47 
<211> 99 
<212> DNA 

<213> Artificial Seqpience 
<220> 

<223> A9005 
<400> 47 

gatcccttgt tccgagccca gtttcctcca aggtggctgt actgagcatc atctcgatct 6. 
cggaggggct gatagacctg gtcattcctc aacagagct 9 

<210> 48 
<211> 105 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9006 
<400> 48 

gatcacaaaa caaggagagg ccaccacctg ttcccaaccc agactatgag cccatccgga 6 

aaggccagcg ggacctgtat tctggcctga atcagagacg catcg 1 

<210> 49 
<211> 105 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Ad007 



<400> 49 

gatccgatgc gtctctgatt caggccagaa tacaggtccc gctggccttt ccggatgggc 6 
0 

tcatagtctg ggttgggeiac aggtggtggc ctctccttgt tttgt 1 



05 




<210> 


50 


<211> 


90 


<212> 


im 


<213> 


Artificial , 


<220> 




<223> 


A9008 


<400> 


50 



gatcacacgt ggatsiacgaa tacagccaac ctcccaggcia ctcccgcctg tcagcttatc 6 
0 

cagctctgga aggggttctg catcgctccg 9 



<210> 51 

<211> 90 

<212> nNA 

<213> Artificial Sequence 



<220> 

<223> A9009 



<400> 51 

gatccggagc gatgcagaac cccttccaga gctggataag ctgacaggcg ggagttcctg 
0 

ggaggttggc tgtattcgtt atccacgtgt 
0 



<210> 


52 


<211> 


105 


<212> 


DNA 


<213> 


Artificial 


<220> 




<223> 


A9010 



<400> 52 

gatcacctcc ccggacctgc gatgacacgg tcacttattc agcattgcac aagcgccaag 6 
0 

tgggcgacta tgagaacgtc attccagatt ttccagiiaga tgagg 1 
05 



<210> 53 
<211> 105 
<212> DKA 

<213> Artificial Sequence 
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<220> 

<223> A9011 
<400> 53 

gatccctcat cttctggaaa atctggaatg acgttctcat agtcgcccac ttggcgcttg 6 
tgcaatgctg aataagtgac cgtgtcatcg caggtccggg gaggt 1 



<210> 54 
<211> 105 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9012 
<400> 54 

gatcagaata tgaagatgaa aacctttatg aaggcctgaa cctggacgac tgctccatgt 6 
atgaggacat ctcccggggc ctccagggca cctaccagga tgtgg 1 



<210> 55 

<211> 105 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9013 

<400> 55 

gatcccacat cctggtaggt gccctggagg ccccgggaga tgtcctcata catggagcag 6 

tcgtccaggt tcaggccttc ataaaggttt tcatcttcat attct i 
05 ^ 

<210> 56 
<211> 102 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9014 
<400> 56 

gatcaaaggc tggcatggag gaagatcaca cctacgaggg cctggacatt gaccagacag 6 
ccacctatga ggacatagtg acgctgcgga caggggaagt gg 1 



<210> 57 
<211> 102 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> A9015 
<400> 57 

gatcccactt cccctgtccg cagcgtcact at.tcctcat aggtggctgt ctg^tcaatg S 
tccaggccct cgtaggtgtg atcttcctcc atgccagcct tt ^ 

<210> 58 

<211> 105 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9016 



<400> 58 

gatcacccct .coccccc .„.=ag=a, cttccteta tg.gg«>ttg eta«a=atg 6 
acac««cat ttactgccgg atggaccaca aagcagaagt ggctg 



<210> 59 

<211> 105 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9017 



<400> 59 

gatccagcca cttctgcttt gtggtccatc cggcagtaaa tgtttgtgtc atgttttagc 
aattcctcat agatggaagc tgctgtcctg gggttgggta ggggt 



6 
1 



<210> 60 

<211> 102 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9018 



<400> 60 

gatcaaggct cctgcacagt gactacatga acatgactcc tcgccgacca gggccaaccc 
gcaagcatta ccagccotat gccccaccac gcgacttcgc ag 



6 
1 



<210> 61 

<211> 102 

<212> DMA 

<213> Artificial Sequence 
<220> 

<223> A9019 
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<400> 61 

gatcctgcga agtcgcgtgg tggggcatag ggctggtaat gcttgcgggt tggccctggt 6 
cggcgaggag tcatgttcat gtagtcactg tgcaggagcc tt i 



<210> 62 

<211> 72 

<212> TXtA 

<213> Artificial Sequence 
<220> 

<223> A9020 

<400> 62 

gatcaatgat cgaaacatac aaccaaactt ctccccgatc tgcggccact ggactgccca 6 

tcagcatgaa ag _ 
2 7 

<210> 63 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> A9021 
<400> 63 

gatcctttca tgctgatggg cagtccagtg gccgcagatc ggggagaagt ttggttgtat 6 
gtttcgatca tt 

2 7 
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